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Silver doping and its influence on the oxygenation during in situ growth of YBa2Cu307+ thin films The influence of Ag doping on both oxygenation and deoxygenation during growth of YBa2Cu307-x films at 700 "C by pulsed laser deposition has been studied. Experiments show that undoped and Ag-doped films grown at 200 mTorr oxygen pressure and quenched immediately after termination of growth have a superconducting transition temperature T, of 61 and 86 K, respectively. The high T, of 86 K obtained with quenched Ag-doped films is thought to be due to both enhanced oxygen incorporation and reduced deoxygenation associated with Ag doping. These results show that Ag-doped YBa,Cu,O,-, films could be crucial for realizing devices based on multilayer structures.
Silver has been used as the most suitable dopant to improve superconducting properties of bulk high-T, cuprate superconductors. '-6 Ag doping promotes crystallization and enhances orientation of the grains along the c axis.2 Both of these effects result in an increase in the critical current density J, ; however, there are only a few reports7-9 on Ag doping of high-T, films and not much work has been reported on the role of silver in improving the superconducting properties of high-T, films. Singh et ~1.~ have attributed the improvement in the J, values of Ag-doped YBa,Cu,O,-, (YBCO) films to the improved evaporation characteristics and enhanced grain growth. Microwave studies carried out by Pinto et al." on laser-ablated Ag-doped YBCO films have shown that surface resistance of the doped film on (100) LaA103 was 190 fl at 77 K which is lower by a factor of almost 2 than that of undoped film. This is the lowest value of R, reported so far. Besides low R, values, Ag-doped films have shown negligible microwave power dependence indicating that grain-boundary weak links existing in Ag-doped films are very narrow and, hence, transparent to microwave transmission. In this communication, we report the role played by silver in influencing the kinetics of oxygenation as well as deoxygenation during the growth of YBCO films by the pulsed laser deposition (PLD) technique.
Among the most promising applications of high-T, superconductors are devices based on multilayer structures of thin films such as superconductor-insulator-superconductor (SIS) or superconductor-normal-metal-superconductor (SNS). To make such a multilayer structure, it is essential to ensure that the superconducting layers deposited first must continue to retain their good superconducting properties while subsequent component layers of the multistructure are deposited. How difficult this would be is easily comprehended if one looks at the basic procedure of in situ growth of high-T, films by any physical vapor deposition technique. For instance, in a standard laser ablation experiment, the target material is ablated and deposited on a suitable substrate maintained at a high temperature (-700 "C). Substrate heating is essential for obtaining a highly oriented crystalline film. Oxygen pressure used during the growth is low, typically -200 mTorr. Just after the termination of laser ablation, the film is crystalline but does not have the right amount of oxygen and, therefore, does not have good superconducting behavior. Hence, the film is cooled in a high oxygen pressure (-500 Torr) so that it acquires the right oxygen content; however, in a subsequent layer growth, the film will get heated up again and will lose oxygen and consequently its superconducting properties will deteriorate. Thus, the subsequent deposition will be on top of a nonsuperconducting or a poorly superconducting film. The purpose of this communication is to show that Ag doping enables the film to retain the right amount of oxygen during growth which makes it a potentially useful candidate for multilayer devices.
YBCO pellets doped with 5% of Ag were prepared by mixing required quantities of 99.9% pure AgaO and 99.9% pure YBCO powder and sintering them at 930 "C for 24 h. The final targets (15 mm diam, 3 mm thickness) were obtained by regrinding the pellets followed by repelletizing and sintering in 0, ambient at 930 "C for a further 12 h. X-raydiffraction (XRD) studies carried out on targets showed absence of Ag20 peak indicating that AgaO dissociates into Ag during sintering of targets. In situ film deposition on (100) LaAlO, substrates were carried out in a pulse laser ablation system using both undoped and 5% Ag-doped YBCO targets. In the present study 5% Ag-doped target was used because it has given films with highest critical current density." A 248 nm KrF laser with a 10 Hz repetition rate and 3 J cmm2 energy density was used. A substrate temperature of 700 "C and an oxygen pressure of 200 mTorr were used during film growth. Details of the PLD are described elsewhere.12
In order to evaluate the role of Ag in determining the oxygen content during growth and consequently the superconducting properties of the as-deposited films the following procedure was adopted: Both the undoped and doped films were quenched (cooled rapidly) in the growth chamber im- mediately after termination of growth by lifting the substrate mains in its elemental state in the target after it is sintered at clamps using a mechanical arrangement and dropping the high temperatures (-920 "C), it is reoxidized in the plume sample on a water-cooled copper block positioned right beafter ablation. As the substrate temperature is higher than the low the substrate heater. Due to small thermal mass of the dissociation temperature of Ag,O (-350 "C), it dissociates sample (substrate+film), its temperature drops from 700 to again when it arrives at the substrate surface and provides -200 "C in a few seconds. During this brief interval of time, active oxygen to the growing YBCO grains. Since the oxyboth outdiffusion and indiffusion of oxygen are small and gen released by the decomposition of Ag20 is in the atomic thus one is able to freeze the structure and oxygen content state it is readily incorporated into the matrix of growing acquired by films during growth itself.
film. Transition temperature T, corresponding to zero resistance was determined from resistance versus temperature (R vs T) curves using standard four-probe technique. A current density of 10 Acm-' was used in all T, measurements. Shown in Fig. 1 are typical R vs T plots of as-deposited undoped and doped films obtained by quenching the films in an oxygen pressure of -200 mTorr. This is the pressure generally used during PLD of YBCO films. It is clear from this figure that the T, of the as-deposited (quenched) A&doped film (Raoo &roo x-2.9, T,=86 K) is higher than that of the undoped (quenched) film (R3m k/ZZtoo k-2.6, T,=61 K). For the sake of comparison, we have also shown in this figure R vs T plot of an undoped film (R3,,,, K/R1oo K-3r T,=90 K) grown and oxygenated using standard ablation followed by cooling in -500 Torr oxygen pressure. In order to find the effect of current density on T, , we also measured T, at a lower current density of 1 A cmm2. Results showed no noticeable improvement in T, over the values measured at 10 A cme2 indicating that current transport in these films in the superconducting state was not controlled by percolation paths. It is also interesting to note that both Ag-doped and undoped quenched films are orthorhombic as found by XRD studies although with an enhanced value of oxygen deficiency parameter, x-O.2 and -0.4, respectively, as deduced from Ref. 13. These results show that Ag doping has enabled the film to achieve higher oxygen content under the conditions of low oxygen pressure and high substrate temperature which one has to use during any subsequent growth.
The second mechanism involves the reduction in the exposed surface area of "the path of escape of oxygen" in the Ag-doped YBCO films as compared to that in undoped YBCO films, assuming grain boundaries to be the main passage through which the outdiffusion of oxygen from grains takes place. The assumption is based on the fact that grain boundaries contain many impurity phases including oxygendeficient YBCO phasesI (e.g., Y,BaCuOs phase) which act as an oxygen sink and since boundaries are relatively porous" oxygen escapes from the films. Due to high mobility of Ag adatoms at the surface of the substrate which is maintained at a fairly high temperature (-700 "C), they possibly act as surfactants and cause an enlargement in size of the grains as well as their alignment with respect to the substrate edge." Enhancement in grain size reduces the number of grain boundaries over a specified surface area whereas the enhanced grain alignment results in a reduction of the width of grain boundaries as schematically depicted in Fig. 2 . Both of these factors effectively result in a reduction in the exposed surface area of intergranular regions which in turn results in a decrease in oxygen outdiffusion from YBCO grains.
There are three possible mechanisms by which Ag improves the net oxygen content of YBCO films during growth. The first mechanism involves the supply of active (atomic) oxygen to the growing YBCO lattice." Although silver reThe third mechanism is based on the role of silver in inhibiting the deoxygenation kinetics of bulk high-T, Ag composites by its presence around YBCO grains.3"6 We show that Ag passivates the grain boundaries in thin tilm, also. Since the YBCO lattice does not accommodate Ag atoms, they (Ag atoms) move out of the growing grains and segregate in the intergranular regions. Evidence for this has been obtained through scanning electron microscopy (SEM) and energy-dispersive x-ray (EDX) analysis. Shown in Fig. 3 is a scanning electron micrograph of a partially etched Ag- doped YBCO film on (100) LaAQ. Etching was done to increase clarity and contrast. EDX analysis carried out in spot mode has shown the presence ofAg in the grain boundaries (region A) and absence of Ag in the grains (region Bj. Due to the presence of Ag atoms in the grain-boundary regions the outtlow of oxygen from individual grains is reduced. Therefore, it is clear that the larger oxygen content of Ag-doped films durin, a r' CIrowth is due to the net effect of improved oxygenation and reduced dcoxygenation of the films in presence of silver. hl summary, our results have shown that the quality of the as-deposited and quenched Ag-doped YBCO films is better than that of undoped YBCO films grown under identical conditions. The role of Ag in promoting the kinetics of oxygenation during growth of YBCO thin films has been presented. Realization of near-90 K quality as-deposited YBCO films with Ag doping will be very important for realizing SIS, SNS or any other complex multilayer structures to be used in various devices. Realization of good quality superconducting film underneath insulating or metallic layers is otherwise very difficult as even the postdeposition oxygen cooling in high O2 pressure may not restore the quality of the bottom film completely due to the obstruction to oxygen indiffusion through a dense insulating or metallic layer. Nthough the role of silver in obtaining good quality asdeposited YBCO thin films has been demonstrated using PLD, its role is expected to remain equally effective during in sitzz growth by other physical vapor deposition techniques such as sputtering and reactive evaporation.
One of the authors (,D. K.) is thankful to DST New Delhi ti_lr providing him a fellowship.
